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SIMULATION OF INORGANIC AND ORGANIC CONTAMINANTS TRANSPORT IN 
SANITARY LANDFILLS 
 
R. P. Singh 







The modelling of leachate generation and transport is important for estimating the possible groundwater pollution below the sanitary 
landfills. The numerical solution of the mathematical models for the total solids (inorganic) and chemical oxygen demand (organic) 
transport is presented. The existing one dimensional leachate transport model which accounts for advection and diffusion is modified 
with the addition of desorption term and the simulation results are compared for different case studies from the literature. The 
maximum error is reduced to 28.24 % with modified inorganic model against 38.93 % with the existing model for the TS 
concentration when simulated with literature data. The mass transfer term is retarded by the introduction of desorption term and is 
reduced only up to 58.6 % at the end of simulation period with the modified model, instead of 24.16% for the existing model. The 
simulated COD concentration curve follows a hydrograph trend with a peak after 200 days and then it follows a sudden decrease. The 
organic activity is found to be affected more by the inclusion of desorption term by decreasing the peak concentration and the time to 
reach the peak concentration. It is gleaned that the inclusion of desorption term in the existing model has resulted in retardation of 
mass transfer mechanisms, which simulated a close fit to the observed data. The organic activity is observed to be affected by 





Leachate seeping into the groundwater from refuse materials 
in a sanitary landfill is produced by various physical, chemical 
and biological processes and is transported by gravity drainage 
of the original pore water and ponded water and the inflow of 
groundwater. The variation in physical, chemical and 
microbiological characteristics of leachate is attributed to a 
combination of factors including landfill age, waste nature, 
moisture availability, temperature, pH, depth fills, and 
compaction (Straub and Lynch [1982a]). 
 
The available literature on landfill organic behaviour reveals 
that moisture content is crucial factor in various organic and 
inorganic activities (Straub and Lynch [1982a]; 
Demetracopoulos et al. [1986]). The assessment of leachate 
migration typically involves quantification of leachate 
generation and the contaminant migration through the porous 
media. When moisture content reaches the field capacity, 
leachate is produced at roughly 1:1 with the input moisture 
(Straub and Lynch [1982a]). The mass transfer due to 
advective-dispersive flow along with solid-liquid phase 
transfer is responsible for the leaching of inorganic 




microbial activities is found to be the rate limiting step for the 
organic contaminant transport (Straub and Lynch [1982b]). 
The development of mathematical models for the solution of 
the problems associated to water movement and solute 
transport in the soil will make it possible to develop optimum 
management schemes for environmental pollution control. The 
partial differential equation governing the one-dimensional 
vertical flow of water in a variably saturated porous media is 
nonlinear and, usually, is solved by numerical methods (Zheng 
and Bennett [2002]). To solve this equation, the functional 
relationships between pressure head and water content or 
hydraulic conductivity are required. Depending on the flow 
conditions, the mass transport equation is parabolic when the 
dispersion dominates the convection, hyperbolic when the 
convection dominates the dispersion, and of mixed type in 
other cases (Antanopoulos [1990]). 
 
Straub and Lynch ([1982a]) developed a well-mixed single 
reactor model considering the mass balance of moisture and 
contaminants in an experimental landfill. Korfiatis and 
Demetracopoulos ([1984]) also conducted similar experiments 
in laboratory columns and defined moisture content at 
placement, saturated moisture content and saturated hydraulic 
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conductivity. The landfill organic behaviour is simulated 
along with microbial activity under anaerobic condition since 
the subsurface landfill is assumed to be acting as an anaerobic 
bioreactor (Straub and Lynch [1982b]; Demetracopoulos et al. 
[1986]; Suk et al. [2000]; Lee et al. [2001]). Although the 
moisture transport and leachate generation were predicted by 
various models (Raveh [1979]), these models are not suitable 
for simulating leachate production, flow and transport coupled 
with biodegradation in anaerobic condition. Even though 
many of the models were based on biodegradation, there are 
some models which considered sorption and redox reactions 
as major mechanisms of mass tran sfer (Demetracopoulos et 
al. [1986]; Erdogan and Neufeld [1983]; Clement et al. [1997]; 
Kauzeli-Katsiri et al. [1999]; Islam and Singhai [2002]). 
 
The equilibrium-controlled sorption may be slow compared to 
the time during which solutes and solid grains are in contact. 
However, because of the difficulties in obtaining the rate 
coefficients describing non-equilibrium-controlled sorption, 
applied transport modelling is often based on local equilibrium 
assumption (Zheng and Bennett [2002]). The present study 
discusses the governing equations, initial and boundary 
conditions and numerical solution technique for one-
dimensional transport of inorganic (TS) and organic (COD) 
contaminants in leachate. The existing literature model is 
modified by incorporating desorption term. The modified 
model is then compared with the literature model and is also 
tested with other example problems. 
 
 




The input parameters and the initial conditions for the 
inorganic model study are derived from experimental landfill 
studies by Walsh and Kinman [1979], Quasim and Burchinal 
[1970], and Demtracopoulos et al. [1986]. The COD 
concentration is simulated for the data collected from Pohland 
[1975] as reported by Straub and Lynch [1982] and is further 
tested from the data of Lee et al. [2001]. The various data 
collected from literature are presented in Table 1. 





Demetracopoulos et al. 
[1986] 




Lee et al. 
[2001] 
H (cm) 307  6100 300 275  450 
θ (cm/cm) 0.205 0.2 0.21 0.203 0.2 
θref (cm/cm) 0.375 0.35 0.5 0.4 0.35 
Kref (cm/day) 0.544 
 
1.83 1.83 0.223 1.83 
Href (cm) -100 -100 -100 -100  -100 
M & b 8 & 7 9 & 7 8 & 7 9 & 6 8 & 7 
Cmax (mg/L) 55000  45000 8000 45000  45000 
S0 (mg/L) 14280  45000 8000 45000  45000 
b1 (day
-1







Time step (day) 1  1 1  1  1 
Depth step (cm) 30 60 500 25  50 
Dispersivity, λ  5 2.3 1 7.5 5 
k0 (day
-1
) - - - 0.03625 0.03625 
kd (day
-1
) - - - 0.01 0.01 
km (mg/L) - - - 5000 5000 
Y - - - 0.04 0.04 





Vertically distributed unsaturated flow model developed by 
Straub and Lynch [1982a] is the available existing model 
describing the transport mechanisms involved and the 
numerical solutions of the model. They have described the 
simulation of continuous moisture and contaminant 





environment. The landfill is considered as a single well mixed 
reactor and the solid waste, moisture, gases and microbes are  
assumed to be uniformly distributed (Straub and Lynch, 
[1982a]). The mass balance and the continuity equation for 
moisture can be expressed as: 
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                          (1) 
Where θ is the moisture content, K(θ) is the hydraulic 
conductivity and D(θ) is the diffusion coefficient. The 
contaminant mass transfer through solid-liquid phase transfer 
is expressed as: 
 
                   (2) 
 
Where b1 is the mass transfer rate constant, S and S0 are the 
solid phase concentration at time‘t’ and at‘t=0’ respectively. 
The mass transport is controlled by the bulk motion of the 
fluid and dispersion, along with the dilution term as given in 
Eq. (2), which can be expressed as: 
 
                                       (3)  
Where q(θ) is the moisture flux, and E(θ) is the contaminant 
dispersion term.  
The mass transport of organic contaminants is affected by the 
microbial activity which is represented by Monod kinetics as: 
                           (4) 
Where Ru = substrate utilization rate (mg/L.day); C= substrate 
concentration (mg/L); X= cell concentration (mg/L); ko = 
specific substrate utilization rate (day
-1
); km = substrate 
utilization equals one-half its maximum specific substrate 
utilization rate (mg/L); and Y= cell growth yield coefficient (-
). The organic transport model is written from Eqs. (3) and (4) 
as: 
          (5) 
The utilization of contaminant is affected by the growth and 
decay of the micro-organisms in the landfill environment. The 
growth rate of micro-organism can also be represented with 
the transport equation, expressed as: 
                         (6) 
 
Modified Model for Contaminant Transport 
 
In order to take into consideration the retardation term, the 
inorganic and organic models [Eqs. (3) and (5)] are modified 
with the inclusion of a desorption term, which is expressed as: 
              (7) 
Where Kd = distribution coefficient (L/kg), and ρb= bulk dry 
density of the medium (kg/L).  The retardation term accounts 
for the rate at which dissolved mass is lost from the solid 
phase, and is equivalent to a retardation of advective-
dispersive-reactive transport. The inorganic model Eq. (3) is 
rewritten as: 
           (8) 
Similarly, the organic model Eq. (5) is also expressed as: 
     (9) 
 
Initial and Boundary Conditions 
 
The top boundary is assumed to be receiving the moisture at 
uniform rate so that the flux is advanced downwards after 
attaining field capacity moisture. The boundary condition is 
represented by no moisture diffusion and contaminant 
dispersion out of the system. The conceptual model of the 
landfill is shown in Fig. 1 with the initial and boundary 




Fig. 1. Conceptual diagram of leachate transport in one 
dimensional landfill scenario 
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Initial Conditions  
                
At z = 0 (top of the landfill): Θ = θ0; C = C0 and X = X0          
At 0 < z ≤  Z (top to bottom) : C = 0 and X = 0        (10) 
Where θ0 = residual moisture content; C0 = initial contaminant 
concentration; X0 = initial microbial cells concentration. 
 
Boundary Conditions  
                
At z = 0 (top of the landfill): C = C0 and X = X0 
At z = Z (bottom of the landfill) 
 
 ;   
 ;                                   (11) 
Numerical Solution 
 
Due to the complexities in the analytical solutions, the non-
linear partial differential equations of leachate transport can be 
effectively solved by numerical methods. The finite difference 
explicit method (FDEM) with forward weighing and central 
weighing is used in the present study. Denoting the position in 
space by subscripts ‘i’ and ‘i+1’ and indicating the time levels 
by superscripts ‘k’ and ‘k+1’, the moisture content and 
contaminant concentration of internal nodes may be 
approximated as: 
    
(12) 
                            
(13) 
The solution equations for organic contaminant and microbial 
concentration also can be written as: 
 
       
             (14) 
             
             (15) 
The nodes 1 and N are also taken care with the above 
boundary conditions. 
Calibration of the Inorganic Model 
 
The calibration of the inorganic model is carried out for total 
solids concentration with the input parameters and initial 
conditions taken from the study on an experimental landfill at 
the Centre Hill, Test Cell#4, (Walsh and Kinman  [1979]) and 
the sensitivity analysis is carried out for the numerical 
parameters. The initial and the field capacity moisture contents 
are 0.203 cm/cm and 0.368 cm/cm and the initial moisture 
flux is 0.12 cm/day (Straub and Lynch, [1982a]). The initial 
contaminant concentration and the solid phase concentration 
are taken as 55000 mg/L and 7 % of the dry density of the 
refuse (= 21700 mg/L) respectively. The rate constant of mass 
transfer being a critical parameter, is selected as 0.03 (Straub 
and Lynch, [1982a]).  The simulation is done for a period of 
1000 days with the time step of 0.1 day, depth step of 10 cm 
and the retardation term (ρKdb) as 10. 
 
 
RESULTS AND DISCUSSION   
 
The simulated total solid concentration is shown in Fig. 2, 
which compares the predicted TS concentration with the 
modified and initial models [Eqs. (3) and (8)]. The maximum 
error observed in predicted and observed concentrations is 
estimated to be 28.24 % after 800 days against 38.93% after 
500 days of simulations with the existing model [Eq. (3)], and 
the results are also presented in Table 2. It is expected that the 
geochemical reaction may result in reduction of the solid 
phase concentration. Similar results are reported by Rowe and 
Booker [1985].  The initial path followed initially a sudden 
decrease and then an increase in the solid phase concentration 




Fig. 2. Observed and simulated total solids concentration 
[Walsh and Kinman  (1979)] 
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Table 2. Error Estimation for the Simulated TS Concentration and Percentage Reduction in Concentrations with Time 










































200 57391.3 45972.2  51202.48 11419.28 6188.82 19.90 10.78 93.1 21611.76 99.59 
300 41739.3 39731.80 42941.69 2007.33 -1202.56 4.81 -2.88 78.08 21224.57 97.81 
400 32608.7 34136.35 33630.25 -1527.65 -1021.55 -4.68 -3.13 61.15 20373.77 93.89 
500 26086.96 36243.32 27363.99 -10156.36 -1277.03 -38.93 -4.9 49.75 19204.63 88.5 
600 27391.3 34463.98 23403.15 -7072.68 3988.15 -25.82 14.56 42.55 17893.01 82.46 
700 23478.26 28930.11 20723.46 -5451.85 2754.8 -23.22 11.73 37.68 16545.18 76.25 
800 26086.96 22658.86 18718.8 3428.10 7368.16 13.14 28.24 34.03 15216.6 70.12 
900 18260.87 17058.59 17078.76 1202.28 1182.11 6.58 6.47 31.05 13935.58 64.22 
 
The reduction in concentration ratio (%) also follows a similar 
trend and attains a minimum value of 28.45 %, as shown in 
Fig. 3. But, the solid phase concentration is reduced only up to 
58.6 % of the maximum value at the end of simulation, as 
compared to 24.16 % by the existing model [Eq. (3)], which 
may be due to the retardation effect by desorption.
 
Fig. 3. Simulated concentration ratio (%) with time [Walsh 
and Kinman  (1979)] 
 
Sensitivity Analysis of Inorganic Model 
 
The modified inorganic model is tested for the effect of 
variation of important numerical parameters such as time 
steps, depth steps, initial contaminant concentration and 
retardation factor etc. The effect of change in time step is 
observed to be insignificant for small time steps (0.01 day and 
0.05 day), but varies largely for higher values of time steps 
(0.2 day and 0.3 day), as shown in Fig. 4 (a). Similarly, the 
variation of depth step from 10 cm to 50 cm [Fig. 4 (b)] 
illustrates that increasing the depth step increases the 
instability of the predicted concentration. Increase in the depth 
of landfill results in increased contaminants loading from the 
refuse above, which is favoured by the addition of geo-
chemical reaction term, as described by Rowe and Booker 
[1985]. 
 
For the variation of initial contaminant concentration (C0), the 
simulated concentration towards the end of simulation period 
is found to be more or less same, unlike for the case of 
existing model [Fig. 4 (c)]. Therefore, the effect of desorption 
at higher contaminant concentration is to increase the 
concentration towards the end period, because the sorption 
may be ceased in the finer media after attaining a maximum 
concentration, as observed by Rowe and Booker [1985]. 
 
The retardation factor is varied between 2 and 50 and is 
calibrated to the moderate value of 10, as shown in Fig. 4(d). 
From this figure, it is clear that the value of 2 does not 
represent the significant effect of retardation factor. Also for 
higher values of retardation factor, there is no significant 
reduction in the concentration. Hence, it is inferred that 
desorption is more relevant in cases of fine porous media and 
for a longer simulation period. 
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Fig. 4 (a). Simulated TS concentration for various time step 




Fig. 4 (b). Simulated TS concentration for various depth step 






Fig. 4 (c). Simulated TS concentration for various initial 




Fig. 4 (d). Simulated TS concentration for various ρKdb values 
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Testing of Inorganic Model 
 
The inorganic model is tested with literature data from an 
experimental landfill study by Quasim and Burchinal [1970] 
for total solids as the contaminant. The simulation is done for 
a period of 120 days with the time step of 0.1 day and the 
depth step of 30 cm as shown in Fig. 5. It is inferred from the 
figure that the simulated concentration follows a gradual 
decreasing trend similar to the observed concentration. The 
maximum error in simulated and observed total solids 
concentrations are 11.46 % and11.65 % respectively with 
model Eqs. (3) and (8) at the end of 40 days of measurements 




Fig. 5. Observed and simulated TS concentration (Quasim 
and Burchinal [1970])
Table 3. Error Estimation for the Simulated TS Concentration and Percentage Reduction in Concentrations with Time 



















































20 56571.4 53095.95 53111.42 3475.48 3460.01 6.14 6.12 100 14280 100  
30 48000 51390.25 51434.8 -3390.25 -3434.8 -7.06 -7.16 99.19 14280 100  
40 44571.4 49677.44 49764.28 -5106.01 -5192.85 -11.46 -11.65 96.57 14279.99 100  
50 46285.7 47995.84 48136.34 -1710.13 -1850.63 -3.69 -4 93.52 14279.95 100  
60 48000 46343.45 46552.29 1656.55 1447.71 3.45 3.02 90.48 14279.85 100  
70 48000 44702.25 45007.18 3297.75 2992.82 6.87 6.24 87.52 14279.25 99.99  
80 42857.1 43068.23 43495.02 -211.09 -637.88 -0.49 -1.49 84.64 14276.31 99.97  
90 42857.1 41432.45 42010.15 1424.69 846.99 3.32 1.98 81.83 14273.78 99.96  
100 41142.8 39762.34 40548.49 1380.52 594.37 3.36 1.44 79.08 14263.96 99.89  
110 39428.6 38045.34 39110.73 1383.23 317.84 3.51 0.81 76.38 14249.73 99.79  
120 37714.3 36226.53 37697.87 1487.76 16.42 3.94 0.04 73.72 14232.88 99.67  
 
It is further noticed that the reduction in total solids 
concentration is obtained as 68.54 % against 65.86 % with the 
use of two model Eqs. (8) and (3) respectively, but the 
corresponding reduction in solid phase concentration is only 
up to 99.4 % of the maximum value against 77.92% as shown 
in Fig. 6. Since the simulation is done only for a limited period 
of 120 days, desorption had suspended any mass transfer 
between solid and liquid phases, hence dilution is largely 




The modified inorganic model [Eq. (8)] is also tested with 
literature data from Demetracopoulos et al. [1986] and the 
results are compared as shown in Fig. 7 with the existing 
model [Eq. (3)]. The maximum error in the simulation of 
contaminant concentration has been reduced to 7.34 % as can 
be seen in Table 4. The maximum contaminant concentration 
reduction is 66.62 % as against 65.22 % (Fig. 8), while the 
solid phase concentration reduction is observed to be up to 
51.46 % against 90.43 % with the model Eq. (3). The effect of 
desorption is found to be significant for the minimum 
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reduction in solid phase concentration, even though there is a 
large reduction in the earlier period.  
 
It can be observed that the modified model could represent the 
concentration close to the observed values, except at higher 
values in the case of Quasim and Burchinal [1970] data. The 
model results are closely matching with observed data, 
indicating that the incorporation of desorption term in the 
model equation affected the mass transfer mechanism and the 
subsequent leachate production. 
 
 
Fig. 6. Simulated concentration ratio (%) with time [Quasim 
and Burchinal (1970)] 
 
 Fig. 7. Simulated concentration ratio (%) with time [Quasim 
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Table 4. Error Estimation for the Simulated TS Concentration and Percentage Reduction in Concentrations with Time 




























































200 23400 13100.94 23184.46 10299.1 215.54 44.0 0.92 23184.46 51.5 33187.47 73.8  
400 34200 27955.07 34074.02 6244.93 125.98 18.3 0.37 34074.02 75.7 29635.67 65.9  
600 38400 35938.77 36733.92 2461.23 1666.08 6.41 4.34 36733.92 81.6 27876.57 61.9  
800 38400 37286.45 36987.79 1113.55 1412.21 2.90 3.68 36987.79 82.2 26647.33 59.2  
1000 37200 34791.93 35588.22 2408.07 1611.78 6.47 4.33 35588.22 79.1 25525 56.7  
1200 33600 32872.6 33101.21 727.4 498.79 2.16 1.48 33101.21 73.6 24365.94 54.2  
1400 29400 29349.29 29179.11 50.71 220.89 0.17 0.75 29179.11 66.6 23155.97 51.5  
 
Calibration of Organic Model 
 
The modified organic model is calibrated for the landfill data 
from the study of Pohland [1975] for the selected parameters 
as given in Table 1. The retardation factor is taken into 
consideration with a value of ρKdb = 10. The simulated COD 
concentration with model [Eq. (9)] follows a similar trend as 
that with the observed data. The simulation results using the 
model Eq. (5) for a period of 1000 days has been shown in 
Fig. 9.  
 




From this figure, it is evident that the predicted concentration 
in the rising limb is somewhat lesser as compared to that 
predicted using model [Eq. (9)]. The simulated microbial cells 
concentration is found to increase after a delay and then 
attains a peak before decreasing (Fig. 10). The peak 
concentration is estimated to be 170 mg/L which is close to 
the value simulated by Straub and Lynch [1982b], but the peak 
is shifted towards 700 days. 
 
The solid phase concentration is decreased only to a maximum 
of 65.56 % with the modified model [Eq. (9)] as against 14.17 
% with the model [Eq. (5)] as shown in Fig.11 and Table 5. 
The mass transfer by dilution is expected to be inhibited by the 
retardation term, while microbial activity is the rate limiting. 
The plot between the C/Cmax and S/S0 shown in Fig. 12 
indicates the relative change in concentration at each point of 
time. The modified model [Eq.3] resulted in a more horizontal 
curve compared to the model [Eq. (5)], indicating that the 
solid phase mass transfer is uniform even though the 
contaminant concentration reaches a peak value. Similarly, 
after reaching the peak, the contaminant reduction is rapid 
compared to the solid phase concentration, hence the curve 
has lesser slope.  
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Fig. 11. Simulated solid phase concentration ratio (%) with 




Table 5. Error Estimation for the Simulated TS Concentration and Percentage Reduction in Concentrations with Time 












































100 11002.15 16598.90 12037.48 -5596.75 -1035.33 -50.87 -9.41 26.75 35146.29 95.40 
200 15510.75 17504.18 17486.24 -1993.43 -1975.49 -12.85 -12.74 38.86 34651.87 94.06 
300 15012.23 15683.76 15485.86 -671.53 -473.63 -4.47 -3.15 34.41 32304.40 87.69 
400 9505.23 12228.70 10645.48 -2723.47 -1140.25 -28.65 -12.00 23.66 31223.88 84.76 
500 8505.34 8381.15 7691.98 124.19 813.36 1.46 9.56 17.09 29829.70 80.97 
600 5504.23 5223.26 5537.91 280.97 -33.68 5.10 -0.61 12.31 29304.68 79.55 
700 5000.25 3148.30 2868.43 1851.95 2131.82 37.04 42.63 6.37 28254.75 76.70 
800 3986.35 1994.91 1882.73 1991.44 2103.62 49.96 52.77 4.18 26937.90 73.12 
900 2495.34 1431.82 1574.59 1063.52 920.75 42.62 36.90 3.50 25079.63 68.08 
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Sensitivity Analysis of Modified Organic Model 
 
The COD concentration simulated with the modified model 
Eq. (9) is found to be stable towards the model parameters 
such as time step, depth step and mass transfer rate constant 
after the calibration. 
 
The sensitivity of the COD concentration towards the 
biological parameters is tested. The maximum substrate 
utilization rate (Km) is varied from 0.0275 to 0.0365 and the 
results shown in Fig. 13 (a) indicate that COD concentration is 
remained high for lower values of k0, whereas the cells growth 
is low for the lower K0 values. Smaller values of K0 could not 
produce any significant biodegradation and the mass transfer 
is fully contributed by the convection and dilution. The 
variations in km indicate that an increase in the Km value 
increases the maximum substrate utilization concentration and 
therefore the predicted COD concentration remains at higher 
values [Fig. 13 (b)]. The endogenous decay constant (Kd) has 
been varied for values higher than 0.01 and it is found that 
COD concentration values are resulting in higher 
concentration after obtaining the peak value, as illustrated in 
Fig. 13 (c). It is important to keep the endogenous decay 
constant sufficiently lower in order to achieve the microbial 
concentration alive. Similarly, the microbial yield coefficient 
(Y) is also critical for the extent of microbial activity for mass 
transfer in landfill environment as evident from the Fig. 13 
(d). The COD concentration is stable for Y values ranging 
from 0.04 to 0.08. The sensitivity analysis showed that the 
numerical parameters are more stable towards the model 
prediction than the biological parameters. 
 
The variation of desorption term showed that the COD 
concentration at the peak is reduced and thereafter increased in 
the later period for higher values of ρkdb, as shown in Fig. 
13(e). The results show that the sorption mechanism is 
significant along with microbial activity, but higher values 
may estimate the higher concentration after a long period of 
time, (Rowe and Booker [1985]). It is observed that mass 
transfer rate constant and biological parameters (K0, Kd and 
Km) are more sensitive towards the COD of the influent and 
the cells concentration than the numerical parameters such as 
time and depth steps. The stability of the solution depends on 
the careful selection of these parameters. 
 
Fig. 13 (a). Simulated COD concentration for various k0 




Fig. 13 (b). Simulated COD concentration for various km 
values [Pohland (1975)] 
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Fig. 13 (c). Simulated COD concentration for various kd 




Fig. 13 (d). Simulated COD concentration for various Y 






Figure 13 (e): Simulated COD concentration for various ρkdb 
values [Pohland (1975)] 
 
 
Testing of the Organic Model 
 
The modified organic model is tested using a hypothetical 
landfill data reported by Lee et al. [2001] and the results are 
found in close agreement to the observations of Lee et al. 
[2001]. The maximum error of simulation at the peak value 
(200 day) has been reduced to about 3.51 %, and subsequently 
for the remaining period (Table 6). The concentration ratio is 
observed to have a maximum of 47.17 % at the peak with the 
modified model while it was 46.63 % with the initial model 
[Eq. (5)], and then decreased to almost zero. The microbial 
growth curve is almost symmetrical after a delay start, unlike 
that of Lee et al. [2001] model, as shown in Fig. 14. The solid 
phase concentration is reduced to a minimum of 28.10 % with 
the modified model [Eq. (9)], which is 11.46 % with the initial 
model [Eq. (5)], and the results are shown in Fig. 15. It can be 
seen that the peak cells concentration occurred when the COD 
concentration started decreasing from the peak. 
      The comparison of the results for both the simulations for 
the organic contaminants indicate that the model could 
simulate the landfill leachate transport more accurately by 
incorporating desorption term. The numerical simulation is 
found to be matching with the results of Lee et al. [2001] for 
the experimental landfill scenario. The microbial activity is 
assumed as the rate limiting step in the landfill and the effect 
of desorption is found to be retarding the mass transfer by 
dilution in the earlier period. 
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Fig. 14. Simulated microbial cells concentration with time 
[Lee et al. (2001)] 
 
 
Fig. 15.  Simulated solid phase concentration with time [Lee 
et al. (2001)] 
Table 6. Error Estimation for the Simulated TS Concentration and Percentage Reduction in Concentrations with Time 












































100 14000.00 19498.82 18565.70 -5498.82 -4565.70 -39.28 -32.61 0.00 25000.00 100.00  
200 22000.00 20982.90 21227.43 1017.10 772.57 4.62 3.51 41.26 18872.47 75.49  
300 21000.00 18374.60 18839.38 2625.40 2160.62 12.50 10.29 47.17 16578.32 66.31  
400 2500.00 12622.37 4531.42 -10122.37 -2031.42 -404.89 -81.26 41.87 14546.81 58.19  
500 1500.00 6902.42 1895.21 -5402.42 -395.21 -360.16 -26.35 10.07 12155.96 48.62  
600 1000.00 5659.11 1229.77 -4659.11 -229.77 -465.91 -22.98 4.21 11054.01 44.22  
700 1000.00 1970.73 789.43 -970.73 210.57 -97.07 21.06 2.73 10294.72 41.18  
800 1000.00 767.03 632.10 232.97 367.90 23.30 36.79 1.75 9776.08 39.10  
900 1500.00 371.14 512.90 1128.86 987.10 75.26 65.81 1.40 8740.73 34.96  
1000 2200.00 200.98 419.92 1999.02 1780.08 90.86 80.91 1.14 7853.59 31.41  
 
 
 CONCLUSIONS  
 
From the calibration of the inorganic model using the 
experimental landfill data of Walsh and Kinman  [1979] and 
the sensitivity analysis for the model parameters, it is found 
that the selection of time step, depth step and mass transfer 
rate constant are critical for the stability of the numerical 
solution. It is inferred that the introduction of desorption term 
in the model has reduced the instability for the numerical 
parameters in case of inorganic contaminant migration and the 
error of prediction is also reduced for the tested examples. The 
simulation of modified organic model resulted that the organic 
activity is affected significantly by the inclusion of retardation 
term since it decreases the peak contaminant concentration 





to reach the peak concentration. Microbial cells concentration 
is also well simulated using the literature values. 
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 NOTATIONS  
 
b  Suction head fitting parameter 
b1 Mass transfer rate constant (day
-1
) 
C Contaminant concentration (mg/L) 
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Cmax Maximum contaminant concentration (mg/L) 
D Diffusivity coefficient (cm
2
day) 
E Contaminant dispersion term 
H Suction head (cm) 
href Saturation suction head (cm) 
K Hydraulic conductivity (cm/day) 
Kref Saturated hydraulic conductivity (cm/day) 
Kd Endogenous decay rate 
Kdb Distribution coefficient 
ko Specific substrate utilization rate (mg/L.day) 
M Permeability fitting parameter 
q  Moisture flux (cm/day) 
R Contaminant generation term 
Rc Microbial cells growth rate 
Rd Endogenous decay term 
Rg Substrate generation term 
Rt Retardation term 
Ru Substrate utilization rate (mg/L.day) 
S Solid phase contaminant concentration (mg/L)  
S0 Maximum Solid phase contaminant concentration 
(mg/L) 
V Volume of landfill (cm
3
) 
X Microbial cells concentration (mg/L) 
Y Microbial yield coefficient 




θ  Moisture content (cm/cm) 
θref   Field capacity moisture content (cm/cm) 
ρb Bulk density of refuse (kg/m
3
) 
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